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INTRODUCTION

To what extent high and continuous feeding of carbo
hydrate and high continuous feeding of nitrogenous foods
affect the islands of Langerhan, of the pancreas and the
renal tubules of the kidney, respectively, is as far as
the writer has been able to determine, still an open ques
tion, While a vast amount of work has been done along cer
tain physiological lines in connection with carbohydrate
and protein metabolism, as well as certain diseases here
in involved, very little v/ork has been done to determine
what structural influences carbohydrates have on the in
sulin producing cells (the islands of hangerhan) and simi
larly what influences filtering and reabsorption of
nitrogenous wastes on the part of the glomeruli and tubules
of the kidney would result from excess protein feeding*
It Is well established that Insulin is necessary to
regulate the blood sugar level In the animal body and that
the Islands of Langerh&n function in the production of
Insulin, There was described, in 1869, Langerhan, a group
of cells, In the pancreas, which were clumped off together.
These cells differ In appearance and staining reactions
from the acinous

or secreting epithelium. They have an

insular appearance and because of this they were given the
name. Islands of Langerhan, Even before there was any cer
tainty that the pancreatic hormone was formed In these
islands, the belief grew up that tills was the case. In
1916, Sir Edward A, Schafer named the hormone Insulin
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even though Its existence was still hypothetical. Several
years hack a group of active students in MacLeod*s labora
tory clearly defined the outstanding problem of diabetes.
The question then arose as to the Isolating and determin
ing the chemical nature of the pancreatic hormone. Guided
by the work of Zuelzer, 1908-1909, MacCslluci 1909, Bensley
1911 and others, Banting and Best 1922 proceeded to pre
pare more active preparations in which the effect of
trypsin would be eliminated. They were successful in this
undertaking and later they were joined by Colllp 1922 in
their work end In a very short time developed methods for
tho preparation of extracts, first from fetal calfs pan
creases and subsequently from ordinary beef glands, that
were suitable for use In human diabetes. Thus was in
augurated a new era in the treatment of diabetes.
The mechanism of urine filtration is still a contro
versial matter. Various theories have been proposed to,ex
plain kidney secretion. In 1844 Ludwig advanced the theory
that the glomeruli filter from the blood its non-collodial constituents. The tubules function to concentrate
the large amount of fluid that passes through them by the
reabsorptlon of water. Bowman and Ileldenhain advanced the
theory that "water and salts are secreted by the glomeru
lus, whereas the organic constituents are added to the
urine as a result of the secretory activity of the renal
tubular epithelium."

The "modern theory" advanced by

Cashing 1917 after he reviewed the evidence for and
against the above theories, states that "as the glomerular
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filtrate proceeds through the tubules, only those sub
stances are reabsorbed that are necessary for the plasma
and tissues." Such substances he calls "threshold.' sub
stances. Those that are not usable are called "non-thres
hold" substances. Starling and Verney 1924-25 have at
tempted to reconcile the conflicting views of budwlg and
Bowman. They consider that the glomeruli filter from the
blood plasm Its non-protein constituents, but that cer
tain constituents such as urea and sulfates are also
secreted by the tubule cells, and pass Into the glomerular
fluid.
Whatever the mechanism is, however. It is known that
nitrogenous wastes increase with increased feeding of pro
tein food. It appears logical, therefore, that the greater
the protein intake the more work the glomeruli and tubules
have to perform in carrying off the wastes.
Prom MacKay and MacKay, in their work, "factors which
determine renal weight," it is found that on feeding large
amounts of protein the kidneys increase in weight. Also
that upon high gelatin diets the Increase In weight of the
kidneys is far above the Increase In weight caused by other
diets•
It Is therefore the purpose of this paper to show
what structural effects excess protein and carbohydrate
feeding have on the kidney and pancreas, respectively.
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MATERIALS ABD METHODS
The organisms used in this experiment were frogs of
the species Rana pipiens and Rana Catasbelana v/hlch were
obtained from ponds located very near the campus*
The first group of organisms were fed a saturated
solution of glucose, three times per day* To this solution
was added an equal quantity of salt mixture in order to
supply the necessary mineral requirements. The glucose was
added until a thick paste was obtained. The organisms were
feu by Inserting a pipette containing the solution into
the mouth and. letting it slowly pass down the throat. At
times when the organisms were first started there was a
tendency to vomit the solution. This was remedied by in
serting the pipette directly Into the aesophagus and let
ting the solution flow from there into the stomach.
The second group of organisms were fed a saturated
solution of albumin containing an equal quantity of salt
mixture. They were fed in the same manner as described
above.
The third group was fed a 1% solution of caffeine
which likewise contained an equal quantity of salt mixture.
The method of feeding was the same as the one in the above
description.
All organisms were grouped and each group was kept in
a separate aquarium. Controls were run along with each
group and were allowed to live in the same environment.
After fourteen to seventeen days of feeding had elapsed,
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during which time daily observations were made of the or
ganisms to determine the general response to feeding, the
organisms were sacrificed and the particular organs, pan
creases and kidneys were removed and placed in Bouln's
solution for fixation.
These organs were dissected in order to get a trans
verse and longitudinal view of the tissues and cells. From
the Bouin1 s solution they were carried through the regular
procedure for slide preparation using Harris and Ileidenhain
hematoxylin for staining purposes. The slides were divided
into two groups, one was for single staining, the other for
double staining.
The slides were examined under a Bausch and Lomb com
pound microscope using oil immersion.
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'Ihe urlnlfcrouo tubule, as found In the frog, Fig#
1, Is made up of columnar epithelium cells which are so
errangod as to Torsi c cavity

known as

the lumen. These

tubule© are well organised and trail distributed in the
normal kidney* The glomeruli consists of a tuft of capill
aries surrounded by a capsule* Phis capsule has boon given
the none, Bowmen's capsulo.
In studying the effect of clbuain upon the kidney, it
was an easy natter to see what structural changes had taken
place* In every tubule there were some cells which hod
completely loot their coll walls an! the nucleus hod mi
grated into the lumen. Fig# 2. There was no effect upon
the nucleus Itself excepting a change in position.
An observation of the glomeruli she®© a packed con
dition of the capillary notorial which had boeone more
centrally locotod. Fig. 3. This material appeared quit©
disorganised. The normal Bowman's capsule of the kidney is
definitely circular in shape while the Bowman's capsule
from the albuminous kidney was more or less Irregular in
shape.
The kidneys that wore removed fron the organisms
which had teen fed en excess of caffeine showed that they
too hod boon affected. She excess of caffeine had caused
the tubules to be ouch loss organised* The nucleus shoved
that it had become much larger while the nuclear compo
nents had formed a clumped condition and seemed decidedly
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out of position* Fig. 4• In the normal nucleus this was
not found for the nuclear components were fairly well dis
tributed. There res a disintegration of practically all
the cell walls leaving the nucleus without any definite
position in the cytoplasm.
The excess of carbohydrate feeding had no structural
effect on the pancreatic cells. All the acinous cells and
the Islands of Langerhans seemed to be absolutely normal.
The overworking of the Islands of Langerhans did not cause
any structural change. Fig. 5 and 6.
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NORMAL KIDNEY

r,

s'-

Section Through Normal Kidney showing all structures
in correct position.
T.

-

Tubule

C. E. C.

-

Columnar Epithelium cells.

L.

-

Lumen,

N.

-

Nucleus,

0
ALBUMINOUS KIDNEY

F,k.*.

Section throu#i albuminous kidney showing disinte
gration of cell walls, migration of nucleus into lumen,
irregular shaped cells, and packed condition of capillary
material#
C. S. C. - Columnar Epithelium Cells,
jg. - Nucleus
L. -

Lumen

f. - Tubule
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ALBUMINOUS KIDNEY

/v© .3.
(5

Cross section of albuminous kidney showing tubular
disorganization.
T.

-

C. -

Tubule
Cells
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CAFFSIHE KIDHEY

Section through caffeine kidney showing cell wall
disintegration, increase In size of nucleus, and clumped
condition of nuclear components.
C. W. -

Cell wall

L. -

Lumen

H. -

nucleus

f?, -

Tubule
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HORMAL PANCREAS

F'S

Section Through Normal Pancreas showing acinous cello
and the islands of Langerhans.
I. L.

-

Islands of Langerhens

A.Cm

-

Acinous cells
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GLUCOSE PANCREAS

F I G . T>

Section Through. Pancreas or Organism fed an excess of
Glucose. No structural changes may be noticed.
A. C. -

Acinous cells

I. L. -

Islands of Langerhans
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DISCUSSION
Structural examinations have Indicated that cells of
the kidney, when overworked as in high protein feeding,
begin to disintegrate, which of course if continued would
lead to complete failure of the organ to function. That
this Is the situation in cases of klclney diseases, the
author is not yet ready to say. However, evidence points
In tills direction. So that the trend seems to be toward
the conclusion that probably high protein diets may lead
to mal-function of human klclney. Whether or not cell repair
or cell regeneration Is possible In this organ Is net easy
to demonstrate. If It Is possible for the epithelial cells
to be replaced, then cell disintegration In the tubules
nnri glomeruli would not necessarily mean complete impair-*
ment of this organ as a whole.
The results of the observations of the "normal" and
"carbohydrate" pancreas are indeed striking. Admission Is
In order that we are no further along In answering the
question of whether or not over working the Islands of
Langerhan, as in high carbohydrate feeding will cause
their cessation of function. Physiological observation is
not present to determine whether or not the islands
ceased their functioning. If, however, they did, then
there is no relationship between their morphology and
their physiology, for their morphology was the same as
that of the "normal" pancreas.
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F* M, Allen (1932—33) cleanly established, the func
tional connection of the islands of Langerhan with carbo
hydrate metabolism. His experimental work was done on
pancreases from cases of diabetes, Allen showed that, if
most of the pancreas was removed from a dog, leaving a
remnant only sufficient to prevent diabetes when the diet
was carefully restricted, feeding animals with excess of
carbohydrate would produce a breakdown of control, and
cause diabetes which persisted long after the restriction
of diet had been removed, and which sometimes is uncon
trollable by any restriction. In a series of experiments
he was able to follow the histological changes In the pan
creatic remnant, produced by such overstrain of its func
tion, The cells showing a change were the so-called B cells
of the islets, which swelled and lost their granulation.
If control was regained they recovered their normal ap
pearance; when the damage was permanent, they disintegrated
and disappeared. This, however, could not be demonstrated
in the frog either because (1) the time of feeding glucose
was not long enough or (2) portions of the pancreas should
have been removed. Removal of course, of portions OJ. the
pancreas places tlx© remaining part tinder an abnormal state,
which could not be taken as to what happens when the en
tire organ leaves functioning, Allen's results, therefore,
may be due to Injury from operation rather than from car
bohydrate feeding.

16
CONCLUSION
1. Studies were made of the pancreatic cells following
high carbohydrate feeding and of the kidney cells fol
lowing high albumin and caffeine feeding.
2. There is a definite change in kidney cells when they
have been exposed to an excess of albumin. These changes
were, disintegration of practically all the cell walls,
the nucleus had migrated to the lumen, a packed condi
tion of the capillary material, a tendency for the cells
to move into each other and the formation of Irregular
shaped cells.
3. The caffeine likewise had its effect upon the kidney
cells causing an increase in size of the nuclei, a
clumped condition of the nuclear components, a disinte
gration of most of the cell walls and the tubules had
become less organized.
4. The high feeding of carbohydrates seems not to have any
effect upon the cells of the pancreas as far as struc
ture la concerned. They Bay have been overworked but
this overworking did not oeuso any structural changes.
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